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1. Introduction

The Minimal Supersymmetric Standard Model (MSSM)

Superpartners for Standard Model particles

:u, d,c,s,t, b:L,R € 1, T LR :VeaﬂaT:L Spin %
:ﬂ,J,E, §,£‘,B_L,R g ,LZ,%:L’R :DQW: . Spino
g WE, 0+ ~, 2,107 13 Spin 1 / Spin 0
g 55%,2 55(1),2,3,4 Spin %

Enlarged Higgs sector: Two Higgs doublets

Problem in the MSSM: many scales, many parameter relations
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NMFV in the MSSM

NMFV: Non Minimal Flavor Violation

— Mixing of scalar quark families (beyond CKM)

Mixing of stop/scharme
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= 0 :

— experimentally only partially restricted

— can e.g. be induced by RGE running in mSUGRA
— changes Higgs-squark couplings

— changes Gauge boson-squark couplings

Results exist for:

— b-physics observables

— Higgs decays

Connection to other sectors?

Connection to (other) LHC measurements?
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= 0 :

— experimentally only partially restricted

— can e.g. be induced by RGE running in mSUGRA
— changes Higgs-squark couplings

— changes Gauge boson-squark couplings

Results exist for:

— b-physics observables

— Higgs decays

Connection to other sectors?
Connection to (other) LHC measurements?

= Investigate effects on electroweak precision observables
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Precision Observables (POs):

Comparison of electro-weak precision observables with theory:

EW Precision data: T heory:
My, sin? g, ™y, — | SM, MSSM, extensions

Y

Test of theory at quantum level: Sensitivity to loop corrections

Very high accuracy of measurements and theoretical predictions needed

e \Which model fits better?
e Does the prediction of a model contradict the experimental data?
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MSSM Example: Prediction for My, in the SM and the MSSM
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MSSM uncertainty:
unknown masses
of SUSY particles

SM uncertainty:
unknown Higgs mass

Sven Heinemeyer, Flavour in the Era of the LHC, 08.11.2005



MSSM Example: Prediction for My, in the SM and the MSSM
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MSSM Example: Prediction for My, in the SM and the MSSM
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Powerful precision observables for SUSY:

Mw, Sin29eﬂ=, my, (g — Q)M' C

Comparison of current experimental errors with anticipated precision at

Run II of the Tevatron, LHC, and
ILC with and without low-energy running mode (GigaZ)

now || Tev. Run II LHC ILC GigaZ

§sin? Oqer(x10°) || 16 78 14—20 — 1.3
My, [MeV] 34 27 15 10 7
dmy, [MeV] — ©(2000) 200 50 50
dmy [GeV] 2.9 2 1.0 0.1 0.1

= AIlso in this field: great expectations for the LHC
(smaller ém; reduces parametric uncertainties)
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= Evaluate electroweak precision observables including NMFV effects:

Mixing of stop/scharme and of sbottom /sstrange:

() (5
Z.}Z (BL, br, 51, §R) ( #BO 7}0 ) Zj

\ & / \ 5 /

~

o T 0
(tLa tRr, CL, CR) #N
£0 &

Analytical result:
evaluation with arbitrary NMFV couplings

Numerical result: LL mixing most relevant for EWPO:

A\/TLLGLL 0 b5 A\/ELLgLL 0
0] 0] 0 0

t/c:

SU(2): Ty~ Brr, Crr ~ Spr,

— suggested by RGE analysis: LL > LR, RL > RR
— no relevant experimental bounds on A
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2. Results for My and sin? 0.g

1.) Theoretical prediction for My, in terms
of My, o, Gy, Ar:

W M%Z) V2Gu\1-Ar

)

loop corrections

_ 1
SII’]2 Heff =

2.) Effective mixing angle: !
Re gy,
41Q | ( )

Reg£
Higher order contributions:

gxf/ —>g‘f/+Ag€, gff; —>9£+Ag£
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Typical Feynman diagrams for squark contributions to My and sin? ¢

only self-energy diagrams enter:

« ~
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— evaluated with the help of FeynArts and FormcCalc
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dMy, as a function of A:

[S.H., W. Hollik, F. Merz, S. Peflaranda '04]
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dMy, as a function of A:
[S.H., W. Hollik, F. Merz, S. Peflaranda '04]
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dMy, as a function of A:
[S.H., W. Hollik, F. Merz, S. Peflaranda '04]
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oMy, as a function of Mgygy:
[S.H., W. Hollik, F. Merz, S. PeAaranda '04]
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— decoupling for A = 0 as expected
— A 7= 0: minimum at moderate Mgysy
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increase for large Mgysy (due to enlarged mixing)
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§sin? 46 as a function of X:

[S.H., W. Hollik, F. Merz, S. PeAaranda '04]

. 0001;

. 0002;

. 0003;

. 0004}

. 0005;

. 0006;

. 0007}

mg‘aX,MSUSY =1 TeV
no-mixing, Mg, = 1 TeV
mp'%, Moy = 2 TeV
no-mixing, M., = 2 TeV

INnCreasing A
= increasing mixing
= decreasing sin? Ousf

increasing Msysy
= Increasing mixing
= decreasing sin? Ousf

5sin2 gSxPtodY — 16 % 1075
5sin2 95 PEAC = 14 5 105

0 0.1 0.2 0.3 0.4 0.5 0.6 =— extreme parameter

A

regions already ruled out

Sven Heinemeyer, Flavour in the Era of the LHC, 08.11.2005

13



§sin? 46 as a function of X:

[S.H., W. Hollik, F. Merz, S. PeAaranda '04]
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§sin? 46 as a function of X:

[S.H., W. Hollik, F. Merz, S. PeAaranda '04]
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§sin? 46 as a function of X:

[S.H., W. Hollik, F. Merz, S. PeAaranda '04]
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3. Results for my,
MSSM: enlarged Higgs sector: Two Higgs doublets

- (Hll):(v1+<c/>1+i><1>/ﬁ>
HE b1

o= ()

° Hz vo 4 (2 +ix2)/V2

V = miH1Hy +m3HpHy — mip(eq HYH3 +h.C.)
12 2 2
g +g = = g ~
+ 5 (Hyfly — Hof)® + 5 |Hy |
o ~ g \/
gauge couplings, in contrast to SM

physical states: h° HY A9 H* Goldstone bosons: GY, G+
Input parameters:
_ U2 2 __ 2
tan g3 = o M% = —mis(tan 4+ cotj3)
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Contrary to the SM: my is not a free parameter

MSSM tree-level bound: m; < My, excluded by LEP Higgs searches

Large radiative corrections:

H . mt
Dominant one-loop corrections: ~ Gumt In (%)
t

The MSSM Higgs sector is connected to all
other sector via loop corrections
(especially to the scalar top sector)

Measurement of my, Higgs couplings = test of the theory

LHC: Amy, =~ 0.2 GeV
ILC: Amy, ~ 0.05 GeV

= my, Will be (the best?) electroweak precision observable
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For not too large tan 3: only t/¢ sector relevant

= Evaluation of Zhv ZH! ZhH’ ZA, Th’ TH
(contributions from ¢/ and ¢/¢ only)

Higgs boson sector analysis performed in 5 benchmark scenarios

[M. Carena, S.H., C. Wagner, G. Weiglein '02]

— my'?* (to maximize the lightest Higgs boson mass)
— constrained my'** (with X;/Msysy = —2 for b — sv)
— no-mixing (with no mixing in the MFV t sector)

— gluophobic Higgs (with reduced ggh coupling)

— small aerr (with reduced hbb and hrt7~ coupling)
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Feynman diagrams for my,: evaluation of >, >, 2 ,y, 24, 1}, Ty

Uy U
//»\ aﬂ *\ ﬂIB
/ \ B | B
\ I P < I P <
\ / / \ / / \
——————— ~ L ---——-—-- —-——---4 » - --- -~ ——————@Lt-——----- —-—--4 > - ——-
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Effects in benchmark scenarios:

[S.H., W. Hollik, F. Merz, S. PeAaranda '04]

130 _— —_ 130
=" 120 _— 120
[«B)
3 I
£ |
. tanf = 5 M, =500 GeV tanB = 20, M, = 500 G{V iy
110~ mhmax T B —
= = my (X S Mgygy = -2 _ I mhmaX X, I Mg gy = -2) _
no-mixing 4 - no-mixing N
gluophobic Higgs 4 L gluophobic Higgs N
L small o, — small o N
10%.0I | IO|.2I | IO|.4I | I0!6I | IO|.8I I1.0 10%.0 IO|.2I | IO|.4I | I0!6I | IO|.8I 1.0
A A
= small effects for small/moderate A
= om;, = O (5 GeV) only for very large \
— mostly decreasing my, but also increase possible
(e.g. in small aeff SCenario)
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Computer codes:

Results in the NMFV MSSM for

electroweak precision observables
and
Higgs sector (masses and mixing angles)

are implemented into

FeynHiggs

[S.H., W. Hollik, G. Weiglein '98, '00, '02]
[T. Hahn, S.H., W. Hollik, G. Weiglein '03, '04]

www.feynhiggs.de

— all Higgs masses, couplings, BRs (easy to link, easy to use :-)

Planned:
— Allow all terms (LL, LR, RL, RR) =0
— Include 3 generation mixing
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4. News from FeynArts/FormcCalc

Already implemented, to be released soon: [T. Hahn '05]

— Full 3-generation mixing for squark masses and mixing
— Off-diagonal A terms (3-generation mixing)

— Implemented in model file (FVMSSM.mod already available)
[ T. Hahn, J. Illana, S. PefAaranda '05]

— Parameter determination (including 6 x 6 diagonalization) of
squark mass matrices implemented in FormcCalc

T his allows:

— fully automated (one-loop) calculations
— going beyond mass insertion method

— easy numerical evaluation
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5. Conclusinos

Precision observables can

— give valuable information about the “true” Lagrangian
— constrain MSSM parameter space already today

MSSM with NMFV:
considered: mixing in the /¢ and in the b/5 sector

= Evaluation of My, sin? 0, my in NMFV MSSM

Analytical results: for arbitrary mixing

Numerical results: only for L. mixing, parametrized with A
corresponds to (47,7 )23

large effects possible for My, sin? Ogs: A < 0.2 = My < 20 MeV

A <0.2 = 6sin? g <1074

larger effects possible for smaller Mgysy
moderate effects possible for mj only for large A

Full 3 generation mixing implemented in FeynArts, FormcCalc
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